We analyzed 169 geological fault-slip data from 37 active faults in central Japan to 8 investigate the late Quaternary stress field stability. Modern stress states have been 9 documented with unprecedented accuracy; however, their stability over time scales 10 beyond instrumental observations is inadequately understood. Because the stress field 11 has changed in the geological past, we compared present stress conditions in central 12 Japan, determined from geophysical observations, with conditions determined by 13 inverting the fault-slip data from active faults that exhibited cumulative displacement 14 for the past ~10 5 years. The maximum stress axis obtained from fault-slip data trends 15 ESE-WNW. This state of stress accounts for 97% of the data and supports the fact that 16 oblique faults with reverse and strike-slip senses are interlaced in the region. The 17 optimal stress is similar to the present stress state, indicating that the stress field in 18 central Japan has been uniform and stable over the past ~10 5 years. 19 20
Introduction 21
The crustal stress field is one of the most important parameters required to 22 understand tectonics, but the secular variation or stability of tectonic stress is not 23 adequately understood for the time scales of 10 3 -10 5 years. The World Stress Map 24 (WSM) Project was the first coordinated effort to map tectonic stress fields worldwide 25 [Zoback, 1992] , and the WSM database released in 2008 [Heidbach et al., 2010 ] 26 contains three times as much stress data as that of the 1992 database. Most of the data 27 sets used to derive the stress fields in the project are geophysical data such as those 28 derived from the focal-mechanism solutions of earthquakes and wellbore breakout. In 29 contrast, geological data such as fault-slip data and volcanic-vent alignment accounted 30 3 for only ~10% of the total data [Zoback, 1992; Heidbach et al., 2010] . The geophysical 31 data reveal stress fields on the time scales of 10 0 -10 2 years, whereas the geological data 32 reveal stress fields over longer periods, usually 10 5 years or longer. Active faults are the 33 clues that will help in filling the gap between the time scales of geophysical and 34 geological observations because their intermittent but steadily growing displacements 35 over the last 10 3 -10 5 years are evident from, e.g., geomorphology, paleoseismic 36 trenching, and seismic-reflection profiling. Central Japan is suitable for crustal 37 stress-field analyses on different time scales because it contains one of the world's 38 highest-quality geophysical [e.g., Mazzotti et al., 2001; Townend and Zoback, 2006; 39 Terakawa and Matsu'ura, 2010] 
and geological [e.g., The Research Group for Active 40
Faults of Japan, 1991; Nakata and Imaizumi, 2002] 
data sets. 41
Permanent regional strain in central Japan has been accommodated mainly by active 42
faults, which form a dense network in the region [The Research Group for Active Faults 43
of Japan, 1991; Nakata and Imaizumi, 2002] (Figure 1 ). Since the 1995 Kobe 44 earthquake, most of the long and fast-slipping faults in the region have been studied 45 extensively through a national active-fault research program, which has produced one of 46 the most comprehensive active-fault data sets in the world. Therefore, non-Andersonian 47 faults have gradually become clear; reverse and strike-slip faults are interlaced in this 48 region. In addition, a few of these types of faults have trends subparallel to each other 49 while exhibiting different dip angles: the Hanaore and Biwako-seigan faults represent 50 such a pair and are interpreted as an example of strain partitioning (Figure 1 ). Active 51 faulting and its relation to the stress field in central Japan have been a topic of debate 52 [Huzita, 1968; Okada and Ando, 1979] , but the coexistence of faults with different 53 senses of motion makes inference difficult without the inclusion of a special type of 54 8 decreasing function of the misfit angle d between the theoretical and observed slip 151 directions ( Figure 2g ). The threshold in the function d T is set to 30° in this study. For the 152 sense-only data, the misfit angles are measured from the center of possible slip 153 directions, and the degrees of fit are equal within the possible range (Figures 2h and i) . 154
According to Sato [2006] , all the types of fitness functions are normalized as 155 probability-density functions in the parameter space of deviatoric stress, which is 156 represented schematically as the heights of fitness values in Figures 2g-i . The degrees 157 of fit are added over the entire set of the complete and sense-only data to provide a total 158 fitness of stress conditions. The optimal stress conditions are searched to maximize the 159 total fitness. Although the complete data are uncommon in our database ( Figure 3 and 160 Table S1 ), the large variation of fault orientations and large number of data enable us to 161 obtain a stress state with a relatively high precision. 162 Figure 4 shows the optimal stress for our data. A reverse-faulting stress-regime with 163
an ESE-WNW-trending  1 -axis was found to be capable of explaining almost all the 164 data. The stress ratio, = ( 2 −  3 ) / ( 1 −  3 ), was determined to be 0.09, which means 165 that the magnitude of  2 is approximately equal to that of  3 . In addition, Figure 4  166 illustrates the uncertainty of the solution by plotting principal stress axes that have 167 fitness values greater than 90% of those of the optimal solution. Because of the small  168 value (axial compressional stress), the  3 -axis has a greater uncertainty than that of the 169  1 -axis. We calculated theoretical slip directions for the faults by assuming optimal 170 stress; white arrows in Figure 5 denote these directions. 171 172
Discussion 173
Despite the large variation of fault orientations (Figures 1 and 3) , stress inversion 174 revealed that almost all the active faults in the study area are consistent with a 175 reverse-faulting stress regime with ESE-WNW-trending  1 -axis ( Figure 5 ). The 176 theoretical slip directions of the faults calculated with this optimal stress were consistent 177 with all the data except for five of them. Some of these exceptions have fault planes 178 nearly perpendicular to the optimal  1 -axis. Theoretical slip directions on such fault 179 planes are unstable as is shown by the radial pattern around the  1 -axis in Figure 5 . 180 Therefore, small perturbations in fault attitudes can explain the large misfits. 181
The optimal stress ratio of 0.09 indicates that  2 and  3 have similar values. Such a 182 state of stress allows the coexistence of reverse and strike-slip faults, provided that they 183 have different fault orientations. Their coexistence puzzled previous researchers who 184 inferred the stress field from active faults in Japan because they assumed Andersonian 185 faulting [Huzita, 1968; Okada and Ando, 1979] . Consequently, they neglected the 186 coexistence of reverse and strike-slip faults or they had to infer spatially or temporarily 187 complicated stress fields. 188
Although the ESE-WNW compression determined from active faults in this study is 189 generally the same as that proposed by Huzita [1968] , we demonstrated that a single 1) follows part of the boundary between the Ryoke and Sanbagawa terranes that were 208 accreted in the Mesozoic [Hashimoto, 1991] . Therefore, a few active faults in central 209
Japan reactivated the pre-existing faults under the present-day stress regime. 210
Slip on the active faults catalogued in this study reflects the average stress regime 211 in the late Quaternary. The inverted stress state determined in this study is principally 212 consistent with that obtained by geodetic and seismological data [Mazzotti et al., 2001; 213 Townend and Zoback, 2006; Terakawa and Matsu'ura, 2010] , suggesting that the stress 214 state in central Japan has been uniform and stable for the past ~10 5 years. 215 216
Conclusions 217
A dense distribution and an extensive data set of active faults in central Japan has 218 provided us with an exceptional opportunity to invert the regional stress field over a 219 time scale of ~10 5 years. We obtained an optimal state of stress, which is essentially the 220 same as that obtained by seismological and geodetic data, indicating that the stress field 221 12 of southwest Japan and Quaternary crustal movements, Quaternary Res., 7, [248] [249] [250] [251] [252] [253] [254] [255] [256] [257] [258] [259] [260] (in Japanese with English abstract) 247 Note that most of the data agree with the theoretical slip directions. 2) Rake angle of slip direction measured downward from the direction of strike identified by the last character.
3) Timing of the last faulting event or the age of faulted geomorphic surface or stratum. 4) Azimuth and plunge of the dip directions of the fault planes. When the strike or dip is shown within a range, the mean value was used for the inversion analysis. 5) Azimuth and plunge of the slip orientations without shear senses. When the rake is shown within a range, the mean value was used for the inversion analysis. Fault-slip data from sites 45-1, 45-3, 46-7, 47-2, and 79-7 are inconsistent with the theoretical slip directions.
